Abstract We compared the N and P contents of the main labile components of nutrient cycles in three different forest ecosystems [a tropical evergreen forest (TEF); a tropical dry forest (TDF); and a Mediterranean temperate forest (MTF)] with low P supply. A mass-balance approach was used to estimate mean residence times for organic matter, N and P in the forest floor, and to examine the flexibility of N and P intra-system cycling in the three forest ecosystems. For this purpose, we combined published values of N and P in foliage, litterfall, forest floor litter and mineral soils in these three forest ecosystems. The results of our analysis were consistent with the widely held belief that the N content of leaves (both green and senescent) and litter increases with increasing temperatures. In contrast, the data did not support the hypothesis that leaf P content decreases with increasing temperatures and precipitation: leaf and litterfall P contents were higher in both tropical forests than they were in the temperate forest. The TEF had the highest P content of the three forests studied. The mass-balance analysis indicated that although P mineralization in the TDF can run ahead of litter decomposition stoichiometry when P is in short supply, flexibility is much reduced or absent in the TEF and the MTF. Our analysis provides additional evidence of the importance of climatic factors in forest ecosystem processes and highlights the role of flexibility in ecosystem nutrient cycling, especially for P in ecosystems with a limited P supply.
Introduction
Nitrogen (N) and phosphorus (P) are essential for plant metabolism (Lambers et al. 2008) , and their restricted availability often limits plant carbon acquisition and growth (Elser et al. 2007; Reich et al. 2010; Fisher et al. 2012) . Numerous studies have shown that leaf N and P values reflect nutrient availability in the soil (Aerts and Chapin 2000) . Thus, foliar N and P contents are viewed as indicators of nutrient status that may provide insight into processes such as net primary production. However, the growing focus on ecological stoichiometry (Sterner and Elser 2002 ) has led to a broader use of the N:P ratios in green leaves to infer potential nutrient limitations on terrestrial primary productivity and plant growth (Å gren 2008) .
Foliage is a metabolically active component of forest biomass. Its rapid turnover makes it sensitive to differences in the relative N and P investments of physiological plant functions in a forest ecosystem (McGroddy et al. 2004) . Nutrients that are not reabsorbed by plants will circulate through litterfall; this constitutes one of the major fluxes in nutrient cycling between plants and soils and therefore reflects constraints on internal N:P fluxes on an ecosystem scale. In contrast, the characteristics of standing litter are determined by interactions among many organismswhich suggest that these biologically controlled N and P pools should vary more among ecosystems than the fluxes in litterfall (Ladanai et al. 2010) .
The nutrient contents of senescent leaf litter, together with climate and soil properties, are strong drivers of decomposition rates and nutrient release (Parton et al. 2007; Manzoni et al. 2008) , and therefore influence carbon sequestration and nutrient availability in the soil. Clear global trends in green leaf N and P Wright et al. 2004; Niklas et al. 2007; Ordoñez et al. 2009 ) have been demonstrated. More recently, global trends in senescent leaf N and P have been studied as extensively as in their green-leaved counterparts (Yuan and Chen 2009; Hongzhang et al. 2010) . However, in contrast to the clear worldwide trends in both the green leaf and senescent leaf N and P contents and their ratios, the global patterns of litter N and P in forest floors are not well understood. Given that changes in global climate may influence leaf traits and ecosystem processes such as decomposition and nutrient mineralization, it is important to investigate how N and P in green leaves, senescent leaves and litter vary in relation to ambient factors, in order to understand whether and to what extent intra-system N and P cycling may change in the future. To help address this paucity, the present study compared the N and P contents of the main labile components of the nutrient cycle in three different forest ecosystems [a tropical evergreen forest (TEF); a tropical dry forest (TDF); and a Mediterranean temperate forest (MTF)] with low P supply. We also investigated the stoichiometry of N and P, which is a useful index for understanding the mechanisms of N and P variation and nutrient use strategies (Sterner and Elser 2002; Güsewell 2004; McGroddy et al. 2004; Reich and Oleksyn 2004) and may provide insight into the global carbon cycle.
Although climate and nutrient availability regulate net primary productivity and decomposition in all terrestrial ecosystems, the nature and extent of such controls in forest ecosystems remain poorly understood (see Cleveland et al. 2011) . Nitrogen and P cycles differ substantially in their sources and controlling mechanisms (Schlesinger and Bernhardt 2013) . Vitousek (2004) suggests that in ecosystems, some nutrients may cycle more rapidly than others and refers to this phenomenon as flexibility. When nutrients with flexible cycles are in demand, they are transferred more rapidly than would be expected considering the underlying stoichiometry of the organisms and/or processes involved. He posits that in an ecosystem, the nutrient with the least flexible cycle will ultimately limit biological processes. Our study used a mass-balance approach to examine the flexibility of N and P intra-system cycling in the three P-poor forest ecosystems. Here, we present our analysis of the mean residence times (MRTs) of organic matter, N and P in the forest floor, then discuss the implications for our understanding of forest biogeochemistry under conditions of low P supply.
In general, nutrient limitation in seasonally dry ecosystems (such as the MTF and the TDF) is related to water limitation, because dry conditions restrict plant uptake of nutrients from the soil and reduce the release of nutrients during decomposition. Nutrient limitation also occurs in forests on highly weathered, P-poor soils in humid tropical regions-in such soils, P can become depleted as a consequence of P is derived primarily from rock weathering. Evidence regarding low P supplies for ecosystem function in the selected TEF and MTF comes from studies of soil P supply (Hernández 1999; Turrión et al. 2002) . More direct evidence for low supplies of P in the TDF was found in studies of seedling and adult tree responses to experimental fertilization (Ceccon et al. 2003; Campo and Vázquez-Yanes 2004) . We posed two main questions: (1) do foliar N and P concentrations reflect broad differences in the nutrient status of the soil? and (2) do variations in N and P values in leaves, litterfall and standing litter could reflect differences in climate (mean annual rainfall, mean annual temperature and the mean annual rainfall/mean annual temperature ratio) among the three forests studied?
To address these fundamental questions, we compiled published values of N and P in foliage, litterfall, forest floor litter and mineral soil from three very different forest ecosystems. In addition, we compared the trends and magnitudes of the differences between N and P contents in litterfall and in standing litter, across these three forests.
Materials and methods

Selected forest sites
The tropical evergreen forest (TEF) (MAP/MAT = 29). Most of the rainfall occurs during the wet season, from June to October (Summer). The landscape consists of flat areas (\10 m above sea level), and the predominant lithology includes late Pliocene material, with numerous areas of exposed limestone. The soils (Lithic Rendoll) are mainly shallow (5-10 cm in depth) and rich in organic matter, and lie directly over weathered calcium carbonates (Table 1) ; data are from samples collected in the middle of the dry season (March) and rainy season (September). The forest is dominated by deciduous trees; floristically, Leguminosae is the most important family, with 31 % of species (Ceccon et al. 2002) .
The Mediterranean temperate forest (MTF) site was located near the town of Navafrías, in the southwestern part of the Salamanca Province (western Spain; 40°2 0 N, 3°0 0 W). The climate at the MTF site is temperate, subhumid Mediterranean, with an MAP of 1,580 mm year -1 . The dry season typically occurs between June and September (summer) of each year. The MAT is 11.0°C (MAP/ MAT = 144). The landscape consists of a system of hills (Sierra de Gata Mountains, 960 m asl). The predominant lithology includes deeply weathered acid schists and slates, and the area's soil is more weathered (Ortic umbrisol), deeper (100 cm soil depth) and more acidic than its tropical counterparts (Table 1) ; data are from samples collected in August (dry season) and January (rainy season). The forest is dominated by the deciduous Atlantic oak (Quercus pyrenaica Willd., Fagaceae). The MTF vegetation is relatively less diverse but includes a broad range of plant life forms, including grasses, shrubs, forbs and the deciduous oak mentioned above.
Methods
Our methodology focused on measurements of leaf nutrients (in green leaves and senescent leaves), above-ground litterfall nutrients, standing litter nutrients and nutrient concentrations in the soils. We compared this fundamental data regarding nutrient cycling (both published and in the databases of contributing authors) across the three forest ecosystems we considered. For the TEF, a detailed description of the nutrient sampling and analysis can be found in Menéndez (1988) and Hernández (1999) ; for the TDF, see Campo and Dirzo (2003) and Campo et al. (2007) ; and for the MTF, see Gallardo et al. (1998) and Moreno-Marcos and Gallardo-Lancho (2002) .
In the three forests studied (i.e., the TEF, the TDF and the TMF), all measurements were performed in mature forests. Nutrient concentrations in green and senescent leaves were measured over a one-year period. Mature leaves of the three dominate tree species in the TDF and the TEF, and of Q. pyrenaica in the TMF, were haphazardly selected from all parts of the crown to ensure that all zones of the canopy were represented. Senescent leaves of each selected species were collected from each of the three sites at weekly intervals over a period of 2 weeks. These leaves were identified by their color (often yellow). Senescent leaves were collected directly from the plants rather than from leaf litter, as we were concerned that the decomposition of litter and leaching of leaf nutrients would lead to an underestimate of nutrient concentrations in senescent leaves taken from the soil. 
5.2b ± 0.3 17.4a ± 0.8 5.0b ± 0.6 C:N ratio 9.7b ± 0.7 6.8c ± 0.8 21.1a ± 1.9
0.41b ± 0.04 2.90a ± 0.11 0.49b ± 0.03 N:P ratio 12.7a ± 1.0 6.0b ± 0.3 10.2a ± 1.7
Available P (lg P g Litterfall data were obtained from monthly collections in five litter traps (50 in diameter) per plot; forest floor litter data were obtained from quarterly collections in four circular micro-plots (20 cm in diameter) per plot over 3 years. The data sets for litterfall and litter are from samples collected in the same year. For all sites, litter consisted of all dead plant material lying on the forest floor, including freshly fallen litter and the finer, more decomposed litter fraction. Means values for the annual litterfall and forest floor litter of four plots were calculated (n = 4 plots) for each forest. Annual MRTs for organic matter, N and P were calculated using the ratio of litter standing crop (or litter nutrient pools) to annual litterfall production (or litterfall nutrient fluxes).
Data analyses
One-way analysis of variance was used to test for differences among forests with regard to the characteristics of soil and various leaves, litterfall and litter chemistry, and MRTs of organic matter and nutrients. Within each forest, differences in MRTs among organic matter, N and P were examined using ANOVA. When data were not normally distributed, they were log-transformed prior to analysis. Multiple comparisons were performed using the honest significant difference (HSD) test when statistical differences (P \ 0.05) among means were observed. Table 2 shows N and P contents in the more labile pools (leaves, litterfall and standing litter) of the three selected forests. Both the TEF and the TDF had higher fresh leaf N and P concentrations than the MTF (by 30-38 % in the case of N and by 38-60 % in the case of P), which largely reflected differences in the N and P requirements between forests with leguminous trees and forests without leguminous trees. Difference among forests in N and P concentrations in senescent leaves largely reflected differences in Table 2 Foliar, litterfall and litter nitrogen and phosphorus in the three studied forest sites References: (1) Menéndez et al. (1988) ; (2) Mediterranean temperate forest (MTF) 5, 6 Green leaves
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20.6a ± 1.3 19.3a ± 1.7 14.9b ± 0.7 P (mg P g 15.9a ± 0.4 16.4a ± 1.1 13.1b ± 0.9 P (mg P g -1 ) 1.0a ± 0.09 1.0a ± 0.07 0.6b ± 0.06
Litterfall C:N 29.6b ± 1.7 28.7b ± 2.0 35.9a ± 2.8
Litterfall N:P 16.0b ± 0.5 16.2b ± 1.2 21.5a ± 1.6 N (kg N ha -1 year -1 ) 145a ± 22 138a ± 11 34.1b ± 2.6 P (kg P ha -1 year -1 ) 9.1a ± 0.6 8.5a ± 0.9 1.6b ± 0.2 19.2b ± 1.1 21.4a ± 0.7 4.8c ± 0.4 P (mg P g -1 ) 1.3a ± 0.1 0.6b ± 0.1 0.6b ± 0.1
Litter C:N 26.0b ± 0.9 23.4b ± 2.1 104a ± 11
Litter N:P 15.2b ± 1.6 35.8a ± 1.4 8.3c ± 0.6 N (kg N ha
67.2b ± 7.6 240.6a ± 12.2 23.9c ± 1.9 P (kg ha -1 ) 4.4b ± 0.2 6.8a ± 0.5 2.9c ± 0.2 N and P concentrations in green leaves. Our analysis showed that the forests studied were characterized by a well-constrained N:P ratio in foliage. As expected, litterfall production was higher in both tropical forests (i.e., the TEF and the TDF) than in the MTF (by a factor of 3; Table 2 ). In addition, the N and P concentrations in litterfall differed between the tropical forests and the temperate one (by 21-25 % in the case of N and by 40 % in the case of P). In contrast to the observed trends in foliage N:P ratios, the N:P ratios in the TEF versus the TDF were remarkably similar for litterfall. The Mediterranean temperate forest differed, however, displaying a litterfall N:P ratio that was approximately 30 % higher than that of both of the tropical forests.
Annual N and P returns to the soil differed considerably between the tropical forests and the MTF (by a factor of 4 in the case of N and a factor of 5 in the case of P). These differences between tropical and temperate forests largely reflected both differences in litterfall production and differences in the concentrations of nutrients.
Across all the forests studied, the TDF had the highest standing litter values (by 3 times), as shown in Table 2 . A comparison of climate data suggested that this broad pattern could be related with variations in the MAP/MAT ratio. There was no obvious difference between forests with the highest MAP/MAT value (i.e., the MTF compared to the TEF). In contrast, both tropical forests (i.e., the TEF and the TDF) had N concentrations in standing litter that were four times higher than in the MTF. In addition, the TEF had a P concentration in standing litter that was two times higher than in the other two forests (i.e., the TDF and the MTF), whereas the latter two forests had similar litter P concentrations. It is interesting to note that the N:P ratio for standing litter increased in a trend with the following order: MTF \ TEF \ TDF (opposite to the trend for the same ratio in senescent leaves). We also observed a general trend of increased litter N and P pools in the tropical forests. The range of variation across the forests was onefold for the N pool and approximately twofold for the P pool; the lowest minimum litter nutrient pools occurred in the MTF, whereas the highest nutrient pools occurred in the TDF.
We found marked differences in foliar versus litterfall N:P ratios across forests ( Table 2 ). The most conspicuous differences were caused by a divergence in the foliage and litterfall N:P ratios between the TEF (litterfall N:P ratio : leaf N:P ratio = 1.01) and the other two forests (stoichiometric ratio = 1.26 and 1.36 for the TDF and MTF, respectively), indicating a lower tendency for the reabsorption of P relative to N in the TEF as compared to the other two forests. In addition, the TDF displayed substantially greater differences in N:P ratios between litter and litterfall (litter N:P ratio : litterfall N:P ratio = 2.21) than the TEF (stoichiometric ratio = 0.95) and MTF (stoichiometric ratio = 0.39), indicating a stronger tendency for the release of P relative to N in the TDF. Interestingly, the N:P ratios in the TEF were remarkably similar for the foliage, litterfall and litter.
We found an increasing trend in the MRTs of organic matter in the forest floor in the following order: TEF \ TDF \ MTF (Table 3 ). In addition, the MRTs for N were three times lower in the TEF than in the other two forests, and, surprisingly, the TDF and the MTF had similar MRTs for N in the forest floor, despite having such contrasting intra-system N cycles in litterfall. Conversely, the MRT for P showed a trend with the following order: TDF \ MTF \ TEF.
Discussion
Differences across forest ecosystems
Although our results are only applicable to the three sites studied, and are not generalizable to the climatic regions in which experiment sites are located, it is interesting to note that our analysis of the data is consistent with the idea that leaf N (both in green and senescent leaves) increases with increasing temperature Yuan and Chen 2009 ). Moreover, litter N increased with increasing temperature, suggesting that differences across the forests studied were associated with foliar N content. The observed trends in leaf N might also reflect different strategies for N acquisition and demand between tropical vegetation with leguminous trees and temperate vegetation with non-leguminous trees. These factors have a significant influence on the N content of litterfall, which, in turn, influences the N content in the forest floor and, in combination with MAP, influences the course of decomposition and the rate of N release in the forest floor (Table 3) .
On the other hand, our analysis indicated that leaf P concentration was higher in the two tropical forests than in the temperate forest. Yet P concentration in litterfall reflected differences across forests for leaf P (green leaves). Furthermore, the high P concentration observed in the litter of the TEF suggests that P was immobilized in the forest floor of this ecosystem (where soil P availability was the lowest among the three forests) and that plant demand for P may be highest at this site, due to the need to replace P depleted through the highest annual P losses associated with the litterfall production (Table 2) . Moreover, the hypothesis of a stronger P retention in the forest floor by microbial biomass (biological immobilization) is consistent with the highest MRTs of P in the TEF, much more than that in the case of organic matter (Table 3) . The mean N:P ratio in leaf and litterfall estimated as a molar ratio showed, on the one hand, that the mean N:P ratios in green leaves (28.4 for the TDF and 35.0 for the TEF) and litterfall (35.2 and 36.3 for the TDF and the TEF, respectively) in our study forests were closer to lower end of the global range for these biomes in latitudes between 10°and 25°(18-75; Figure 3 , McGroddy et al. 2004 ). On the other hand, mean values in leaves and litterfall of the TMF (35.0 for green leaves and 48.3 for litterfall) were consistently closer to the upper end of the global range for temperate broadleaf forests (28.2 ± 1.5 for leaves and 29.1 ± 2.0 for litterfall; Table 1 ; McGroddy et al. 2004) and reflected the trees' higher use efficiency for P than for N-much higher than in trees in the tropical forests.
When the leaf N:P ratio was expressed as mass ratio (i.e., mg N per mg P), we observed that mean values for all study forests ranged from 10 to 20 (12.9, 15.8 and 15.8 for the TDF, the TEF and the TMF, respectively), which corresponds to N and P co-limited biomass production as suggested by Güsewell (2004) in a global data set analysis. An additional analysis in Townsend et al. (2007) supported a widely held belief that foliar N:P ratios \16 generally correspond to N limitation (Aerts and Chapin 2000) . Thus, our study also suggests that although both tropical forests are N rich (as indicated by the large amounts of N that cycles each year with litterfall), the primary productivity at these ecosystems may also be limited by N availability. This hypothesis that plants in the TDF and the TEF are N-limited could be verified with a study of primary production at the ecosystem level, analyzing the way in which N-limited forests respond to a release from such a limitation.
Our comparative exploration of general patterns in N:P ratios in litterfall and standing litter showed some results that are consistent with previous studies that have established relationships between climatic factors and N:P ratios for forest leaf litter on a global scale (McGroddy et al. 2004; Yuan and Chen 2009; Hongzhang et al. 2010 ). According to these authors, the N:P ratio of litterfall increases as one moves from Mediterranean temperate forests to tropical ones (such as TDFs and TEFs). In our study, however, the N:P ratio of standing litter decreased as the MAP/MAT ratio increased, and higher values were found in the TDF.
Our study also showed that differences between the green leaf and senescent leaf N:P ratios were greater in the TEF than in the drier forests (i.e., the TDF and the MTF). Although the reabsorption of nutrients during leaf senescence makes species less dependent on nutrient uptake (Aerts and Chapin 2000) , reabsorption is an energy-consuming process (Buchanan-Wollaston 1997) ; nutrients that are not reabsorbed will circulate through the litterfall. The above-mentioned trend can largely be associated with the expected increases in nutrient returns due to faster decomposition in the TEF; however, this behavior is not sufficient to preclude a decline in the mineralization of P (Table 3 ). In contrast, the differences between litter N:P ratios and litterfall N:P ratios tended to be lowest in the MTF. Again, these results can be attributed to the decline in the N:P ratio of standing litter rather than any increase in the N:P ratio of litterfall. Thus, although the litterfall composition depends on the plant (i.e., it is a direct consequence of nutrient reabsorption from senescing leaves prior to abscission; Aerts 1996), the mineral composition of the standing litter is determined by interactions among many organisms and climate; thus, the N and P contents of standing litter result from differences among the ecosystems studied rather than the composition of the produced litterfall (Tables 2, 3 ).
Differences associated with soil fertility
The three forests studied developed on different types of bedrock have soils ranging from relatively more fertile, such as the tropical Rendolls, to the P-poor Cambisols and Mediterranean Umbrisols (Table 1) . Although the TEF and the MTF sites can be regarded as poor in P as a consequence of the expected depletion of P in the soil with age (Walker and Syers 1976), experimental evidence indicates that net primary productivity in the TDF was limited by P availability (Campo and Vázquez-Yanes 2004) . Similarly, whereas the TDF soils were relatively P-rich in a global context, they were P-poor for plant demand at this specific site in the Mexican Yucatan Peninsula.
Specific ranges of N and P concentrations in senescent leaves have been suggested as indicators of complete and incomplete nutrient resorptions (resorption proficiency; Killingbeck 1996) . The observed P concentration in litterfall in both tropical forests (i.e. TEF and TDF) surpassed the limit for senescent leaves (0.4 mg P g -1 for evergreen and 0.5 mg P g -1 for deciduous species) proposed by Killingbeck (1996) , suggesting an intermediate P resorption. However, in the MTF, P concentration in litterfall was close to these values, suggesting that in senescent leaves, it was below these limits and indicating highly efficient and complete P resorption. In contrast, overall N concentrations in senescent leaves were approximately double the limit of 7 mg N g -1 , suggesting incomplete resorption efficiencies across forests. This low nutrient resorption proficiency could be related to past forest management in these stands. For example, studies of Pinus sylvestris stands in Pyrenees sites (Blanco et al. 2009 ) have reported that forest management can affect how trees use nutrients, due to the reduction in nutrient resorption. Thus, these results again support the idea that P limitation is greater than N limitation in the forest ecosystems studied.
The N:P ratio in litterfall also showed differences among forests. Differences between tropical forests and the MTF may reflect the large differences in soil N availability (i.e., high N:P ratios in litterfall are associated with high N availability). The values analyzed in the present work ranged from 16 to 21, with lower and more variable values appearing at the tropical sites (i.e., the TDF and the TEF). Nutrient mineralization from litterfall is predominantly controlled by the activity of decomposers, organisms with relatively rigid stoichiometric requirements (Cleveland and Liptzin 2007) . Consequently, litterfall N:P stoichiometry could impose important nutrient limitations on decomposer growth and activity. A range of 10-16 in N:P ratios has been suggested as an indicator of critical stoichiometric control on decomposition of temperate and tropical litters (Aerts 1997) . The observed variations in litterfall N:P ratios in our study-with highest mean values in the TMF that are greater than critical values reported for litter decay-suggest a stronger P limitation for decomposition and might be related to differences among forests in nutrient resorption proficiency.
The mineralization of N and P from plant litter provides an important input of inorganic nutrients to the soil, which can be taken up by plants. The results of this study show a striking contrast between P release in an ecosystem with a low supply of P, such as the TEF, and P release in an ecosystem with a higher nutrient supply, such as the TDF. Low-supply systems showed an MRT for P that is higher than for organic matter residues and much higher than at the site where P could be less limiting. In contrast, the MRTs for P in organic matter may be lower in the TDF than in the MRTs. This difference is much greater than that observed in the MRTs for N in both forests that displayed similar MRTs for organic matter. In a recent analysis, Manzoni et al. (2010) found that in tropical regions, N is generally released, but P may be immobilized (as in the case of our TEF) or released (as occur in the TDF studied), regardless of the typically low P availability. We cannot determine whether such differences in P release are only the result of the observed differences in soil P supply (thus relaxing a possible direct P limitation on microbial demand in the TDF), or whether they reflect insufficient N availability for microbial activity in the TEF (an indirect consequence of the presence of sufficient N for P mineralization in P-poor tropical forests; cf. Barantal et al. 2012) or both. Finally, the mass balance between litterfall and litter indicated that MRTs for P and N in the TMF are similar; they did not appear as different from those for organic matter in the forest floor, suggesting that in this forest ecosystem, nutrients are not strongly immobilized or mineralized by microbial biomass during decomposition.
In the TDF, P cycles through litter organic matter faster than N does (and also, faster than organic matter in the forest floor). In contrast, in the TEF, N cycles more rapidly in the forest floor than P (but at a rate similar to the rate for organic matter). The MRT analysis in the TEF also suggests that P may be retained within microbes more effectively than N across the study forest ecosystems. The MTF, however, did not show flexibility for any nutrients (i.e., the MRTs of N and P are similar and similar to the MRTs for soil organic matter). This feature of litter decomposition allows for substantial flexibility within ecosystem nutrient cycling, especially for P. Thus, while in Yucatan's TDF, P mineralization can run ahead of the stoichiometry of litter decomposition when P is in short supply, that flexibility is much reduced or absent in the TEF and the MTF.
Conclusions
Our analysis highlights the role of flexibility in ecosystem nutrient cycling, especially for P, under conditions of low P supply. Thus, while in Yucatan's tropical dry forest, P mineralization can run ahead of the stoichiometry of litter decomposition when P is in short supply, that flexibility is greatly reduced or absent in the tropical evergreen forest and the Mediterranean temperate forest. Other features make it difficult to argue that N:P stoichiometry per se proximately causes slow P cycling in tropical evergreen and Mediterranean forests. One of these features is that, once released, P can be strongly adsorbed to colloids and removed from circulation more or less permanently, as is suggested by the low pH in these forest soils. These results are of great importance for understanding the mechanisms of N and P variations in forest ecosystems and nutrient use strategies under conditions of low P supply for ecosystem processes, and may provide insights that can be applied in modeling biogeochemical cycling and responses to global climate change.
